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Title: Method and apparatus for determining a phase transition of a 
substance 

The invention relates to a method and an apparatus for determining 
a phase transition of a substance. 

From the US patent pubUcation 4 579 462, an apparatus and method 
for determining the dew point of a gas are known. The dew point is the 
5 temperature at which water vapor condenses &om a gas in which water 
vapor is present. The '462 publication describes that the gas is led along a 
surface of a thermally conductive body, while the temperature of the body is 
changed, to form a condensate on the surface of the thermally conductive 
body. Then, the heat flow along the surface is determined. When the heat 

10 flow has a predetermined magnitude, the dew point is reached and the 
temperat\ire of the svirface associated with the dew point is determined. 

The '462 pubUcation describes an embodiment with two heat flow 
meters placed adjoining a heat sink. By means of a cooling element and a 
heat source, the temperatiure of the heat flow meters can be varied, so that 

15 . the dew point can be determined. Here, a first of the heat flow meters is 

maintained at a sUghtly higher temperature thsoi a second of the heat flow 
meters, in that the second heat flow meter is connected to the first heat flow 
meter via a thermal resistance. Due to the temperature difference, one of 
the meters reaches the dew point before the other meter. From the 

2 0 composite signal of the two meters, the reaching of the dew point can then 
be derived. The temperatxire associated with the dew point is measxired 
using a thermometer on that heat flow meter where the water vapor 
condenses first. 

A disadvantage of the known apparatus and method is that the phase 
25 transition and/or the temperature associated with the phase transition 
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cannot be determined sxifficiently accurately. This is because, due to the 
thermal resistance coimecting the two meters, the second heat flow meter 
reacts slowly to changes in the heat flow. Because of this, a rapid change in 
the heat flow, for instance due to a rapid condensation, is not detected. 
5 It is an object of the invention to remove this disadvantage. For this 

purpose, the invention provides a method according to claim 1. 

A method according to the invention can be used to accurately 
determine a phase transition and/or the temperature associated with the 
phase transition, because the rapidity with which the heat flow meter can , 
10 react is not limited by a thermal resistance outside the heat flow meter. 

The invention also relates to an apparatus according to claim 8. Such 
an apparatus can rapidly react to changes in the heat flow and thus 
accurately determine the dew point. 

It is noted that, from European patent publication 0 542 582 Al, a 
15 method and apparatus for determining the dew point are known, which 

correspond to the method and apparatus known from the abovementioned 
US publication. Therefore, the method and apparatus known from this *582 
pubhcation have the disadvantages associated with the apparatus and 
method known from *462. 
20 Specific embodiments of the invention are laid down in the dependent 

claims. Further details, aspects and embodiments of the invention will be 
discussed hereinafter with reference to the Figures shown in the drawing, in 
which: 

Fig. 1 diagrammatically shows a perspective view of an example of a 
25 first embodiment of an apparatus according to the invention; 

Fig. 2 shows a first simulation of the development in time of: the 
temperature of the condensing surfaces, the dew point temperature 
determined using a method according to the invention and the diflerence in 
heat flow between the condensing surfaces upon a sinusoidal variation of 
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the heating of the condensing surface of an apparatus according to the 
invention; 

Fig. 3 shows a second simulation of the development in time of: the 
temp^rature of the condensing surfaces, the dew point temperature 

5 determined using a method according to the invention, as well as the 

difference in heat flow between the condensing surfaces during a saw-tooth 
variation of the heating of the condensing sixrfaces of an apparatus 
according to the invention; 

Fig. 4 diagrammaticaUy shows a top plan view of a second example of 

10 an embodiment of an apparatus; 

Fig. 5 diagrammaticaUy shows a side elevational view of a third 
example of an embodiment of an apparatus according to the invention; 

Fig. 6 diagrammaticaUy shows a flow diagram of an example of a 
method according to the invention. 

15 Fig. 1 shows an example of an apparatus according to the invention. 

The apparatus 1, hereinafter referred to as ^sensor*, comprises a cooling 
element 2. Two heat flow meters 310,320 are in thermal contact with the 
cooUng element 2, In the example shown, the heat flow meters 310,320 are 
located on a top surface 21 of the cooling element 2. A control circuit 5 is 

20 communicatively connected to the heat flow meters 310,320 and the cooling 
element 2. The apparatus is located in a room filled with a gas of which the 
dew point is to be determined. 

In the example shown, the heat flow meters are identical and the 
heat flow meters 310,320 each have a condensing siurface 311,321. The 

25 condensing surfaces are of a thermaUy weU conductive material and are in 
direct contact with the gas. When the condensing surfaces have a 
temperature which corresponds to the dew point of the gas or is lower than 
the dew point, water vapor wiU condense on the condensing surfaces. Heat 
is released firom the gas due to the condensation of the water vapor. The 

30 heat flow firom the gas can be detected, so that the moment of reaching the 
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dew point can be determined. On each of the condensing surfaces 311,321, a 
temperature sensor 313,323 is located which can measure the temperature 
of the respective surface, so that, by measuring the temperature at or near 
the moment of reaching the dew point, the dew point temperature can also 
5 be determined. The condensing surfaces 311,321 each have an electrical 
heating element 312,322. The heating elements 312,322 are controlled by 
the control circxiit 5 by means of a communicative connection, shown in 
dotted lines, with a signal generator 51. 

The top surface 21 of cooling element 2 is cooled by the cooling 
10 element 2, so that the temperature of the top surface is substantially 

constant. In the example shown, the temperature of the top siirface 21 is 
maintained below the minimum dew point temperature by the cooling 
element 2. In the example shown, the coohng element is set such that the 
contact surface of the heat flow meters 310,320 is maintained at a 
15 temperature of 20 degrees Celsius by the cooling element 2. The cooling 

element 2 is connected to a cooling control device 53 in the control circuit 5. 
By means of a gate 58, the cooling control device 53 can be set or coimected 
to other electronic components. 

It is also possible to use the cooling element to vary the temperature 
20 of the top surface, with the heating elements then additionally regulating 

the variable cooling of the top surface. The cooling element then functions as 
a rough temperature regulation for the condensing surfaces, which is 
refined by the heating elements. 

The heating elements 312,322 of the condensing surfaces 311,321 are 
25 controlled by the control circuit 5. The signal generator 51 comprises an 

oscillator 56 delivering a sinusoidal signal. A first output of the oscillator 56 
is connected to the first heating element 312. A second output of the 
oscillator 56 is connected to the second heating element 322 via a phase 
shifter 55. Due to the phase shifter, the second heating 312 is controlled in 
30 the same manner as the first element, but phase-shifted. 
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Due to the phase shift, upon cooling or heating of the surfaces, one of 
the two condensing surfaces will reach the dew point before the other 
condensing sxirface. This wiU change the difference signal between .the 
measured heat flows so that the dew point can be determined. With a smsdl 
5 phase shift, the difference signal is small, but upon reaching the dew point, 
it will show a relatively large change, so that the dew point can be simply 
detected. 

In the example shown, the power produced by the heating elements is 
controlled by the control circuit 5, such that the temperatures of the 
10 condensing surfaces vary between the minimum and maximum dew point 
temperattire. In the example of Fig. 1, the power which the heating 
elements 312,322 produce in use is set such that the temperature of the 
condensing surfaces 311,321 varies between 20 degrees Celsius and 
90 degrees Celsius. 

15 In the example in Fig. 1, the heat flow meters are connected to a 

differential circxiit 52 which can determine the difference signal and 
compare it to a preset property of the difference sijgnal associated with the 
dew point. For determining the dew point temperature, the temperatxire 
sensors 313,323 .are connected to a thermal measuring element 54. The 

2 0 thermal circuit 54 can be controlled by the differential circvdt, so that, upon 
reaching the dew point, a signal representing the dew point temperature is 
automatically delivered to a port 59 connected to the thermal circuit. The 
differential circuit 52 is also connected to a port 57 for delivering a signal at 
the moment the dew point is reached. The port 57 can, for instance, be 

2 5 connected to a signaling device for dehvering a signal perceptible to 

humans, so that, upon reaching the dew point, for instance, an operator of a 
baking process can perceive that the dew point has been reached. 

Fig. 2 shows a simulation of the temperatures Tplatel, Tplate2 of the 
condensing surfaces 311,321, the dew point temperature Tdew and the 

30 difference dQ in heat flow between the condensing surfaces with a 
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sinusoidal variation of the heating power of the heating elements 312,322. 
The temperature of the condensing surfaces also varies sinusoidally with a 
maximum of 57 degrees and a minimum of 47 degrees Celsius. The dew 
point temperature Tdew is also shown. The dew point temperature Tdew 
shows a stepwise increase. Between the points in time 0 and 17 seconds, the 
dew point temperature is 50 degrees Celsius, between the points in time 17 
and 38, it is 54 degrees Celsius, between the points in time 38 and 
54 seconds, it is 59 degrees Celsius, and after 54 seconds, it is 44 degrees 
Celsius. 

In the simulation, the sinusoidal variation is such that, in the time 
interval between the points in time 0 seconds and 38 seconds, the dew point 
temperature is between the minimxim and maximum temperature of the 
condensing surfaces. In the time interval between 38 seconds and 54 
seconds, the dew point temperature is above the maximum temperatxire of 
the condensing surfaces, while after 54 seconds, the dew point temperature 
is below the minimum temperature of the condensing surfaces. 

As is shown in Fig. 2, the heat flow difference dQ shows a peaked 
curve when the dew point temperature is between the minimum and 
maximum temperature of the surfaces, in other words, upon reaching the 
. dew point temperatiire, the heat flow difference dQ shows a stepwise 
change. When the dew point temperature is above the maximum 
temperature of the surfaces, the heat flow difference dQ shows a sinusoidal 
curve having a large ampHtude, while the heat flow difference is virtually 
constant, in Fig. 2 virtually zero, when the dew point temperature is below 
the minimum temperature of the surfaces, and can, for instance as in Fig. 2, 
show a periodic, sinusoidal curve having a very small amplitude. 

With a sinusoidal variation of the heating, it can thus be simply 
determined if the dew temperature is above, between or below the 
temperature variation of the condensing surfaces, by determining the form 
of the difference signal. For instance, by means of a Fourier transformation. 



wo 2004/023124 ^^CT/NL2003/000618 



it can be examined whether the heat flow difference signal comprises 
midtiple frequency components and consequently the dew point is within 
the temperature variation, as is the case in the example between the points 
in time 0 and 38 seconds. When, by contrast, the difference signal 
5 substantially comprises only one frequency component, the dew point 
temperature is outside the temperature variation of the condensing 
surfaces, as is the case in Fig. 2 between 38 seconds and 80 seconds. When 
the dew point temperature is outside the temperature variation, by 
examination of the amplitude of the difference signal, it can be determined 
10 whether the dew point temperature is above or below the temperature 
range. 

With a sinusoidal variation, as in Fig. 2, the property of the difference 
signal associated with the dew point can be set at the presence of sharp 
peaks or stepwise transitions in the difference signal, such as just before 

15 and at the point in time 10 seconds in Fig. 2. 

Fig. 3. shows a simulation of the temperature of the condensing 
surfaces 311,321; the heat flow difference and the dew point temperature as 
a function of the time with a saw-tooth variation of the heating. Then, the 
heat flow difference dQ is constant, with a ptdse -shaped deflection upon 

20 reaching the dew point, such as is shown in the Figure around points in 
time 10, 20, 30s. With a saw-tooth variation of the heating, the dew point 
can be simply detected, for instance by a pulse detector with an off-set. The 
off-set can then be set at the magnitude of the constant component of the 
heat flow difference; in Fig. 3 this is approximately 4.5 milliWatt. 

25 The example of a sensor 11 shown in Fig. 4 has a heat flow meter 300 

cooled by a cooling element 2. For this purpose, in the example shown, the 
heat flow meter 300 is fixed on the top side of the cooling element 2. The 
heat flow meter 300 has a condensing surface 301 on a top side remote from 
the cooling element 2, the temperature of which can be measured by a 

30 temperature sensor 303. The temperatiire of the condensing surface can be 
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varied by supplying heat to the sxirface 301 using an electrical heating 302. 
The heat flow meter is communicatively connected to a drcuit input 501 of a 
signal-processing circuit 500. By means of this connection, the heat flow 
meter 300 can transfer a signal representing the heat flow measured to the 
signal-processing. circuit 500. The heating 302 is controlled by a heating 
regulator 505 in the signal-processing circxiit 500 with a saw-tooth signal, so 
that the power added to the svirface 301 also has a saw-tooth variation. 

The signal-processing circmt 500 comprises a phase -delaying 
element 502, an input of which is connected to the circuit input 501. An 
output of the phase-delaying element 502 is connected to a negative input of 
a differential circuit 503. A positive input of the differential circxiit 503 is 
directly connected to the circidt input 501. In this maimer, the differential 
circuit 503 determines the difference between the signal from the heat flow 
meter and a phase-shifted signal. The difference signal is delivered to a 
detection circuit 504 through an output of the differential circuit 503, In the 
example shown, the differential circuit can perform a simple subtraction 
operation, but the difference signal may also be determined in a different 
manner, for instance by means of a correlation method. 

The detection circuit 504 can determine the presence of jimips in the 
difference signal. As was explained hereinabove, at a phase transition, a 
jump in the difference signal wiU occxir, so that the phase transition can be 
detected. The temperature of the condensing surface 301 at the moment of 
the phase transition can then be determined using the temperature 
sensor 303, so that the temperature of the phase transition can be 
measTired. 



sensor according to the invention. The sensor 12 comprises a coohng 
element 2 which is thermally in contact with two heat flow meters 330,340. 
Between the heat flow meters 330,340 and the coohng element 2, a 
thermally conductive carrier 335 is present. The thermally conductive 



Fig. 5 shows a third example of an embodiment of an apparatus or 
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carrier 335 can be manxifactxired firom any suitable material, such as for 
instance aluminum. The heat flow meters 330,340 each have a condensing 
plate 331,341 on a side remote from the carrier 335, which plate is of a 
suitable material, such as for instsince a metal. The condensing 
> plates 331,341 are both provided with a heating element 332,342. Between 
the condensing plate 331 and 341 respectively and the carrier 335, each of 
the heat flow meters 330,340 comprises copper-constantan thermopile 
tape 334,344 embedded in HT-epoxy. The use of such a thermopile tape in a 
heat flow meter is known per se from H. Bloldand, F. de Graaf, "Sensor for 
D measuring convective and radiative heat flux", TEMPMEKO 2001. On the 
thermally conductive carrier 335, a temperature sensor 333 is present which 
measures the temperature of the carrier. 

Across the thermopile tape 334,344, a voltage drop arises upon a 
temperature difference between the condensing plate 331 and 342 
5 respectively and the thermsdly conductive carrier 335. Starting from the 
electric tension across the thermopile tape, the temperature on the 
condensing plates 331,341 can be derived by determining the temperature 
difference between the carrier 335 and the respective condensing plate 331 
and 341 respectively and combining this temperature difference with the 
0 temperature of the carrier 335. 

In the example of Fig. 5, the thermally conductive carrier is designed 
as an aluminum strip of 10 mm by 20 mm by 3 mm. The condensing plates 
are of metal, in the example shown of aluminum, but other metals are also 
possible, such as, for instance, thermally weU conductive materials such as 
5 copper, gold, silver or the like. The condensing plates have the dimensions of 
10 mm by 10 mm by 0.3 mm. The heat flow meters are 6 mm in diameter 
and 0.5 mm thick. 

The cooHng element may be of any suitable type. The cooling element 
may, for instance, be designed as a Peltier element, a conductor for an 
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externally cooled liqxiid or a melting material having a melting point which 
is below the dew point temperature to be measured. 

The examples of apparatuses according to the invention described 
hereinabove are particularly suitable for determining the dew point of a gas, 
5 In combination with the temperatxxre of the gas, the dew point temperature 
can be used to determine the relative hxunidity of the gas. The relative 
humidity is an important parameter in many industrial processes, such as 
the balking of pastry or the manufacture of ceramic material. For an optimal 
progress, the relative humidity then needs to be measured and/or set as well 
10 as possible. By means of an apparatus according to the invention, the dew 
point and/or the dew point temperature can be deterinined with great 
precision, so that the relative humidity can also be accurately determined. 
However, the invention is not limited to determining the dew point, but can 
also be used for determining phase transitions in other uses, such as for 
15 instance the condensation of gases, the evaporation of Hqxiids or the melting 
or sohdifying of materials. 

Fig. 6 shows a flow diagram of an example of a method according to 
the invention. In a first step 600, at a point in time t, the heat flow is 
measured firom the substance of which the phase transition is to be detected. 
20 This measTu*ement restilts in a first measuring signal qo (t). In a second 
step 610, a phase-shifted measuring signal qr is generated. The 
phase-shifted measuring signal has a phase difference cp compared to the 
first measuring signal qo and is otherwise substantially equal to the first 
measiuring signal. In a third step 611, a difference signal Aq is determined, 
25 representing the difference between the first measuring signal qo and the 
phase-shifted measuring signal qrat the point in time t. In a fourth 
step 612, the difference signal Aq is tested against a certain criterion, such 
as for instance, in the example shown, the presence of peaks in the 
difference signal. Other criteria, such as for instance the magnitude of the 
3 0 difference signal, the period or frequency components of the difference 
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signal or the presence of stepwise or discontinuous transitions can also be 
used to indicate the phase transition. When the difference signal shows a 
peak, a phase transition is detected in step 613, after which the 
temperature at which the phase transition takes place is meastured in 
5 step 614. After indication of the phase transition in step 613, the method 
can be repeated by carrying out step 600 again. If no peak is found in the 
difference signal, no phase transition is detected, and the method can also 
be repeated, if desired with a changed measuring signal, for instance with a 
different amphtude or off-set. 
10 The phase difference between the first measuring signal and the 

phase-shifted signal may have any suitable value. When the phase 
difference is relatively small, for instance smaller than 1 radial, such as for 
instance smaller than or equal to a delay of 0.5 seconds given a period of 
10 seconds, the relative change in the difference signal is large at a phase 
15 transition, and therefore easy to detect. The phase difference can also be 

such that the signals are virtually in suitiphase in. relation to each other, for 
instance a shift of 4.5 seconds given a period of 10 seconds. Then, a phase 
transition also causes a relative change of the difference signal which is 
large and therefore easy to detect. 
2 0 The invention is not hmited to the examples described. After reading 

the foregoing, various modifications will be obvious to a person skilled in the 
art. It is particxilarly obvious to design the sensor with multiple heat flow 
meters. It is also obvious to control the heating elements with other types of 
signals, such as for instance square waves. 
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